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The gastrointestinal tract is innervated by extrinsic primary aVerent neurones which arise from two diVerent sources. Spinal aVerents originate in the dorsal root ganglia whereas vagal aVerents have their cell bodies in the nodose ganglia.
1 Most of the spinal aVerents which supply the stomach and intestine of rodents contain neuropeptides such as calcitonin gene related peptide (CGRP) and the tachykinins, substance P and neurokinin A as their chemical messengers. 2 In terms of modality, these neurones are to a considerable extent nociceptive aVerents and are thought to serve tissue homeostasis in a dual manner. On the one hand, aVerent neurones convey information to the central nervous system and thus lead to the sensations of discomfort and pain and elicit autonomic and endocrine reactions. On the other hand, peptidergic aVerent neurones can release vasoactive neuropeptides from their peripheral endings and thus enhance the resistance of the tissue to injury and aid the repair of damaged tissue.
3 4 This latter function is borne out by the abundance of CGRP and substance P containing axons around arterioles in the rat gastric submucosa. 5 The overall aim of our studies has been to elucidate the role of aVerent neurones in the vascular regulation of the stomach and in the signalling of chemical insults from the gastric mucosa to the central nervous system. Our hypothesis is that, by these two actions, chemoceptive aVerent neurones make a significant contribution to homeostasis of the gastric mucosa (fig 1) .
Experiments relating to the local role of aVerent neurones in the gastric mucosa have shown that spinal aVerents constitute an emergency system that signals for an increase in microcirculatory blood flow in the face of chemical injury. This function of chemoceptive aVerents can be selectively manipulated and explored with the excitotoxin capsaicin (fig 2) . 6 Most of the homeostatic actions of capsaicin sensitive aVerents are brought about by peptides released from their peripheral endings. Through these transmitters chemoceptive afferents enhance gastric blood flow 7 and activate hyperaemia dependent and hyperaemia independent mechanisms of protection and repair. 5 In the rodent stomach, these local regulatory roles of sensory neurones are mediated by CGRP acting via CGRP 1 receptors and tachykinins acting via NK 2 receptors, both peptides using nitric oxide (NO) as their common messenger. [8] [9] [10] The pathophysiological potential of the neural emergency system is best portrayed by the gastric hyperaemic response to acid back diVusion, in which CGRP releasing aVerents play an essential mediator role ( fig  3) . [11] [12] [13] This mechanism limits damage to the surface of the mucosa and creates favourable conditions for rapid restitution and healing of the wounded mucosa. 14 15 Experiments involving sensory neurone stimulating doses of capsaicin have demonstrated that the same neural emergency system operates in the human gastric mucosa. 16 We now pursue the question of how chemical injury to the stomach is transmitted to the central nervous system and which aVerent pathways and transmitters carry this information to the brain. These studies are thought to have a bearing on the understanding and treatment of the sensory discomfort associated with functional dyspepsia, gastritis, and peptic Abbreviations used in this paper: CGRP, calcitonin gene related peptide; NO, nitric oxide; NTS, nucleus tractus solitarii. ulcer. Our experimental model addresses the central signalling of a gastric mucosal acid insult, which is visualised via expression of mRNA for the immediate early gene c-fos. Induction of immediate early genes, among which c-fos is the best characterised, reflects neuronal excitation and hence can be used to map the central somata that receive primary aVerent input from the periphery. In situ hybridisation autoradiography revealed that acid challenge of the gastric mucosa failed to induce expression of c-fos mRNA in the posterior thoracic spinal cord but caused a large number of neurones in the nucleus tractus solitarii (NTS) and some neurones in the area postrema to express c-fos mRNA. 17 The number of c-fos mRNA positive somata in the NTS was related to the concentration of acid in the stomach but did not strictly parallel the extent of acid induced gastric mucosal damage. About 40% of the rats responded to intragastric administration of a mildly erosive concentration of HCl with abdominal constrictions whose time course paralleled the rapid and transient c-fos transcription in the NTS. Bilateral subdiaphragmatic vagotomy suppressed the c-fos mRNA response to intragastric HCl whereas pretreatment with a neurotoxic dose of capsaicin failed to alter the acid evoked expression of c-fos mRNA in the brain stem although it depleted CGRP from spinal aVerents in the gastric wall. These data show that gastric acid challenge is signalled to the brain stem, but not the spinal cord, through vagal aVerents that are sensitive to acid but resistant to capsaicin. 17 Taken together, our observations indicate that in the rat gastric mucosa, vagal and spinal aVerents subserve two diVerent roles. Spinal CGRP releasing aVerents play a local homeostatic role in the stomach as they increase tissue blood flow and thereby enhance the resistance of the gastric mucosa to acid injury (fig 4) . These dorsal root ganglion aVerents do not seem to carry any information about acid challenge of the normal gastric mucosa to the spinal cord. In contrast, vagal aVerents, which do not appreciably contribute to the local defensive responses in the stomach, signal chemical insults from the gastric mucosa to the brain stem. Our current work is designed to study the signalling of gastric mucosal acid challenge to higher regions of the brain including the thalamus, hypothalamus, and amygdala, to elucidate the transmitters involved in the aVerent processing of a chemical insult to the stomach, and to characterise the adrenoceptors and opioid receptors that could be targeted to interrupt this input from the stomach. 
